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Objective: The study aimed to examine the epidemiology of hypertonic contractures and its relationship
with minimal trauma fracture (MTF), and to determine the incidence and predictors of (MTF) in long-
term care residents.
Design: This was a longitudinal cohort study of prospectively collected data. Participants were followed
from March 2007 to March 2016 or until death.
Setting: A 300-bed long-term care hospital in Hong Kong.
Participants: All long-term care residents who were in need of continuous medical and nursing care for
their activities of daily living.
Measurements: Information on patients’ demographic data, severe contracture deﬁned as a decrease of
50% or more of the normal passive range of joint movement of the joint, and severe limb spasticity
deﬁned by the Modiﬁed Ashworth Scale higher than grade 3, medical comorbidities, functional status,
cognitive status, nutritional status including body mass index and serum albumin, past history of frac-
tures, were evaluated as potential risk factors for subsequent MTF.
Results: Threehundredninety-six residents [148males,mean standarddeviation (SD), age¼79 16years]
were included for analysis. The presence of severe contracture was highly prevalent among the study pop-
ulation: 91% of residents had at least 1 severe contracture, and 41% of residents had severe contractures
involving all 4 limbs. Moreover, there were a signiﬁcant proportion of residents who had severe limb spas-
ticity with the elbow ﬂexors (32.4%) and knee ﬂexors (33.9%) being the most commonly involved muscles.
Twelve residents (3%) suffered from subsequentMTF over amedian follow-up of 33 (SD¼ 30)months. Seven
out of these 12 residents died during the follow-up period, with a mean survival of 17.8 months (SD ¼ 12.6)
after the fracture event. The following 2 factors were found to independently predict subsequent MTF in a
multivariate Cox regression: bilateral severe spastic knee contractures (hazard ratio ¼ 16.5, P < .0001, con-
ﬁdence interval 4.8e56.4) and diabetes mellitus (hazard ratio¼ 4.0. P ¼ .018, conﬁdence interval 1.3e12.7).
Conclusions: Severe spasticity and contractures are common morbidities in long-term care residents, and
bilateral severe spastic knee contractures and diabetes mellitus are 2 independent predictors of subse-
quent MTF. Spasticity management and prevention of contractures, combined with educational pro-
grams for caregivers to identify the high-risk residents and apply proper handling techniques during
routine care, may be helpful in reducing the risk of MTF in long-term care residents. Further large-scale
longitudinal studies are needed to conﬁrm these ﬁndings.
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occur mostly in debilitated and dependent long-term care residents,
assessed the demographic data and nutritional status, including the
bodymass index,mobility, mental status, type of restraints used (if any),without the degree of trauma that usually causes a bone break.1e8
They are also called “care-related fractures,” as these incidents occur
mostly during basic care procedures. The prevalence of MTF according
to 3 prospective cohort studies ranges from 0.4 to 0.84 per 100 persons
per year.1,4,7 MTF are devastating events in long-care residents,
causing pain and suffering, and increasingmorbidity andmortality.2e4
Moreover, there may be medico-legal issues raised after a MTF for the
possibility of mistreatment and inadequate care procedures.1,2 Despite
their impact, reports on MTF are scarce, and currently there has been
only 1 prospective cohort study that explored the predictors of MTF.1
Kane et al1 followed 1903 residents in 11 skilled nursing care facilities
for 1 year, and 16 MTFs occurred. They found no predictive factors of
MTF other than severely impaired mobility. However, their study did
not examine the contribution by spasticity and contractures or other
medical comorbidities. On the other hand, the authors of a review
article proposed several risk factors for MTF according to 3 previous
studies,1,3,4 and these factors were age older than 80 years, female sex,
prolonged period of immobility (2 years or more), neurologic disease
including advanced dementia, and prior fracture history.2 Neverthe-
less, except for the study by Kane et al1 as mentioned before, the other
2 studies were either case series of patients with MTF3 or follow-up
study on the outcomes of only patients with MTF4; these study de-
signs were not able to identify the independent predictors of MTF.
Spasticity and hypertonic contractures are also recognized as major
causes of morbidity and sufferings (pain, pressure ulcers, skin in-
fections, functional disability) among long-term care residents,9e11 and
are considered to be a potential cause of MTF.7 Previous studies showed
that the prevalence of contractures with or without hypertonia in
nursing home residents ranged from 22% to 61%.9e11 However, the
relationship between limb spasticity or contractures and subsequent
MTF has not yet been established. Takamoto et al7 reported in their
observational study that joint contractures were found adjacent to the
fracture sites in 18 patients with reported MTFs; hence, the authors
proposed that joint contracturesmight be one of the risk factors leading
to MTF,7 but no formal statistical analysis was presented.
We conducted this long-term cohort study to examine the epide-
miology of spasticity and hypertonic contractures and their relation-
ship with MTF among the most debilitated and dependent long-term
care residents, and to determine the incidence and independent
predictors of MTF in this vulnerable population.
Methods
In Hong Kong, long-term care residents who are in need of
continuous medical and nursing care for their activities of daily living
(such as bathing, toileting, feeding, grooming, and transfer) are placed
on the central inﬁrmary waiting list and admitted to special care units
both in the public and private institutions.12 The estimated total
number of this population is over 57,000.13 Cheshire Home (Shatin) is
a 300-bed long-term care hospital that receives residents from the
central inﬁrmary waiting list. As such, its patient population provides
a representative sample of the most debilitated and dependent long-
term care residents in Hong Kong.
We analyzed the clinical data of all consecutive long-term care
residents who were in the central inﬁrmary waiting list in Hong Kong
and were under care in the Cheshire Home (Shatin) from March 2007
to March 2016.
Upon admission to the Cheshire Home (Shatin), all residents
received a baseline comprehensive multidisciplinary assessment. The
medical team assessed the residents’ medical comorbidities, medica-
tions list, history of previous fractures, and any recent acute hospitali-
zations. Blood tests, including serum albumin, hemoglobin, and renal
and liver function tests, were routinely taken. The nursing teamcommunication abilities, baseline skin integrity and pain assessment,
urinary continence, and bowel habits. The occupational therapists
assessed the cognitive function using the Rancho Los Amigos Scale-
Revised,14 activities of daily living using the Barthel index, limb power
and function, any contractures or limb spasticity, and seating assess-
ment. The physiotherapists assessed the musculoskeletal system
including limb power and function, ambulation status using the
Modiﬁed Functional Ambulation Classiﬁcation, respiratory condition,
both active and passive range of movement (AROM and PROM) of joints
as measured by goniometer in the resting position, and assessment of
limb spasticity using the Modiﬁed Ashworth Scale (MAS).15 From 2007
onward, the physiotherapists measured the AROM and PROM of knee
and elbowextension, and used theMAS for knee and elbow ﬂexors in all
residents. Severe contracture was deﬁned as a decrease of 50% or more
of the normal PROM of the joint, whereas severe spasticity was deﬁned
as MAS score higher than 3. From 2011 onward, the assessments were
extended to include the AROM and PROM of ﬁnger extension and the
MAS of the ﬁnger ﬂexor and shoulder and hip abduction and abductors.
The medical social workers assessed the family support and ﬁnancial
condition, types of social activities that the residentwas engaged in, and
their psychological well-being.
Residents were then followed up for the occurrence of any sub-
sequent MTFs either until death or the end of the data collection
period. Any resident who was noted to have pain, deformity, or
swelling of limbs was assessed by the physician and with X-ray im-
aging. Residents who were suspected to have bone fractures or who
were found to have a bone fracture on their X-rays were transferred to
an acute care unit for an urgent orthopedic consultation. Computed
tomography imaging was performed at the discretion of the ortho-
pedic surgeon if there was a high clinical suspicion of bone fracture,
but the X-ray imaging did not clearly reveal any bone fracture. The
ﬁnal diagnoses of bone fractures were determined by the orthopedic
surgeon’s opinion and conﬁrmed by X-ray or computed tomography
imaging. For all conﬁrmed new bone fractures, the multidisciplinary
team reviewed the mechanism of injury. MTF was diagnosed where
there was no obvious history of fall or major trauma.
Ethical approval for this study was obtained from the Clinical
Research Ethics Committee.
Statistical Analysis
A descriptive analysis according to the different parameters [distri-
bution, mean, and standard deviation (SD)] was conducted. We per-
formed the univariate analysis ﬁrst to identify any predictive factor for
the occurrence of MTF. Factors when associated with a P value of .1 or
less in the univariate analysis were put into the multivariate Cox
regression model to identify any independent predictor of subsequent
MTF. Since the occurrence of MTF was rare, a penalized maximum
likelihood estimation method by Firth was used.16,17 Effects were
considered to be signiﬁcant when associated with a P value of .05 or
less. Data was analyzed using the SPSS v 20.0 statistical package (Chi-
cago, IL) and SAS v 9.4 (Cary, NC).
Results
Baseline Characteristics
Clinical data of 396 residents (148 males, mean age ¼ 78.9,
SD ¼ 16 years) with a median follow-up of 33 (SD ¼ 30) months were
included for analysis. Their baseline characteristics are shown in
Tables 1e3. Our cohort had high level of comorbidity and disability.
Almost all residents were either bed-bound or chair-bound, with a
high Charlson Comorbidity Index (mean¼ 2.7, SD¼ 1.8). Furthermore,
Table 1
Baseline Characteristics of Consecutive Patients (N ¼ 396)
Characteristics N ¼ 396
Age, mean  SD (years) 78.9  15.7
Sex, male, n (%) 148 (37.4%)
MFAC: Category
Bed-bound, n (%) 298 (78.8%)
Wheelchair-bound, n (%) 74 (19.6%)
Walker-aided, n (%) 6 (1.6%)
Follow-up duration, mean  SD (months) 33.4  30.4
Charlson Comorbidity Index, mean  SD 2.7  1.8
Rancho Los Amigos Scale-Revised (level 5), n (%) 207 (71.4%)
Enteral feeding, n (%) 218 (55.1%)
Double incontinence, n (%) 314 (81.1%)
BMI, mean  SD (kg/m2) 21.3  4.2
Serum albumin (normal range: 36e48 g/L), mean  SD (g/L) 35.1  4.3
Serum lymphocytes (normal range: 19%e47%), mean  SD (%) 22.6  10.0
Serum hemoglobin (normal range: 11.5e14.3 g/dL),
mean  SD (g/dL)
12.3  1.8
Medical history
Stroke, n (%) 271 (68.4%)
Diabetes mellitus, n (%) 102 (25.8%)
Hypertension, n (%) 222 (56.1%)
Chronic renal impairment, n (%) 14 (3.5%)
Previous history of bone fracture, n (%) 68 (17.2%)
Physical restraint
No restraint or hand mitten only, n (%) 313 (82.4%)
Limb restraint, n (%) 43 (11.3%)
Truncal restraint, n (%) 17 (4.5%)
Magnetic safety belt, n (%) 7 (1.8%)
MFAC, Modiﬁed Functional Ambulation Classiﬁcation.
Table 3
Distribution of Severe Contractures* at Baseline (N ¼ 396)
Prevalence Rate
1 severe joint contracture present 90.5%
1 severe joint contracture in upper limbs 85.4%
1 severe joint contracture in lower limbs 74.6%
Severe joint contractures involved 1 limb 81.5%
Severe joint contractures involved 2 limbs 63.7%
Severe joint contractures involved all 4 limbs 44.9%
*Decrease of 50% or more of the normal passive range of motion of the joint.
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68% had stroke; 26% had diabetesmellitus; 56% had hypertension; and
4% had chronic renal impairment. In addition, 17.2% of the study
population had a history of previous bone fractures at baseline.Spasticity and Contractures
As shown in Table 2, there was a signiﬁcant proportion of residents
who had severe spasticity at baseline, deﬁned as MAS score higher
than 3, with the elbow ﬂexors and knee ﬂexors being the most
commonly involved muscles. When involvement of one side was
counted, the prevalence of severe spasticity ranged from 10% in the
shoulder joints to 33.9% in knee joints.When bilateral involvements of
the same joint were counted, the percentage ranged from 6% in the
shoulder joints to 26.5 % in the knee joints.Table 2









(1) Shoulder Abduction Adductor
Either one side 106 (75.2%) 13 (10.0%) 13 (9.8%)
Both sides 73 (53.7%) 6 (4.4%) 5 (3.7%)
(2) Elbow Extension Flexor
Either one side 68 (19.3%) 111 (32.2%) 22 (6.3%)
Both sides 18 (5.0%) 75 (21.6%) 3 (0.8%)
(3) Finger Extension Flexor
Either one side 8 (6.6%) 14 (11.0%) 5 (3.7%)
Both sides 5 (4.0%) 7 (5.3%) 2 (1.4%)
(4) Hip Abduction Adductor
Either one side 79 (57.7%) 23 (17.4%) 21 (15.7%)
Both sides 64 (46.4%) 19 (14.1%) 16 (11.7%)
(5) Knee Extension Flexor
Either one side 99 (29.0%) 111 (33.9%) 30 (8.6%)
Both sides 50 (14.4%) 88 (26.5%) 15 (4.2%)
*Decrease of 50% or more of the normal passive range of motion of the joint.
yMAS higher than grade III.
zPresence of both severe contracture and severe spasticity in a joint.Contractures were highly prevalent among our study cohort
(Table 2). At baseline, the presence of severe contracture, deﬁned as a
decrease of 50% or more of the normal PROM of the joint, was prev-
alent in themajor joints, ranging from 6.6% in ﬁngers joints to 75.2% in
shoulder joints when involvement of 1 side was counted. When
bilateral involvements of the same joint were counted, the percentage
ranged from 4% in the ﬁnger joints to 53.7% in the shoulder joints.
As shown in Table 3, almost all patients (90.9%) had at least 1 se-
vere contracture, with 59.4% having severe contractures involving
more than 2 extremities, and 40.5% having severe contractures
involving all 4 extremities. The prevalence of contractures in the upper
extremities (85.4%) was similar to that of contractures in the lower
extremities (75%).
The presence of severe spastic contractures, deﬁned as a decrease
of 50% or more of the normal PROM of the joint with coexisting severe
spasticity with an MAS score higher than 3, was also found in a small
proportion of the study population (Table 2). The prevalence of severe
spastic contractures ranged from 3.7% in the ﬁnger joints to 15.7% in
hip joints when involvement of 1 side was counted. When bilateral
involvements of the same joint were counted, the percentage ranged
from 0.8% in the elbow joints to 11.7% in the hip joints.
Incidence and Prognosis of MTF
Twelve MTFs and no traumatic fractures occurred during the study
period (Table 4); therefore, the incidence rate of MTF in our cohort is
1.1 per 100 persons per year. Themost common site of fracturewas the
femur (67%), followed by the humerus (17%). One resident had a
fracture in the right foot, and another resident had a fracture in the left
superior pubic ramus of the pelvic bone. Among these 12 residents,
only 2 (17%) received orthopedic surgery for the fractures, and the
remainder were treated conservatively.
Seven out of 12 residents (58%) died during the follow-up period;
the mean survival after the MTF event for these 7 residents was
18 months (SD ¼ 12.6). For the other 5 surviving residents with MTF,Table 4
Characteristics of Subsequent MTF Cases (N ¼ 12)
Sex
Male, n (%) 5 (41.7%)
Female, n (%) 7 (58.3%)
Age, mean  SD
(years) 79.4  13.6
Fracture site
Femur, n (%) 8 (66.7%)
Humerus, n (%) 2 (16.7%)
Foot (1st MTPJ), n (%) 1 (8.3%)
Pelvis, n (%) 1 (8.3%)
Treatment: Received operation, yes, n (%) 2 (16.7%)
Mortality
Died, n (%) 7 (58.3%)
Survival time after fracture (months), mean  SD 17.9  12.6
Died within 12 months, n (%) 2 (16.7%)
Died within 24 months, n (%) 5 (41.7%)
Died within 36 months, n (%) 6 (50.0%)
MTPJ, metatarsophalangeal joint.
Table 5
Univariate Analysis of Factors Associated With Subsequent MTFs (N ¼ 396)
Factors HR* 95% CIy P Value
Age 1.01 0.98e1.05 .548
Sex (male vs female) 1.34 0.42e4.24 .617
Body mass index 0.96 0.83e1.11 .594
History of previous bone fractures 2.77 0.75e10.19 .126
MFAC (bed-bound vs not bed-bound) 1.12 0.31e3.99 .863
Rancho Los Amigos Scale-Revised (level 5) 1.18 0.25e5.54 .835
Enteral feeding 0.83 0.26e2.66 .754
Double incontinence 1.18 0.28e4.99 .826
Low serum albumin (<36 g/L) 1.86 0.52e6.60 .338
Low serum hemoglobin (<11.5 g/dL) 1.71 0.45e6.50 .434
Medical diseases
Chronic renal impairment 4.46 0.73e27.21 .105
History of stroke 1.17 0.35e3.94 .795
Hypertension 1.29 0.41e4.07 .663
Diabetes mellitus 3.92 1.26e12.23 .019
Use of physical restraints 1.34 0.37e4.87 .660
Severe bilateral knee contractures 3.93 1.19e13.03 .025
Severe bilateral spastic knee contractures 14.73 4.34e50.02 <.0001
NOTE. P 0.1 are shown in bold.
CI, conﬁdence interval; MFAC, Modiﬁed Functional Ambulation Classiﬁcation.
*HR estimated from Cox proportional hazard regression model.
yCI of the estimated HR.
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study was 27 months (SD ¼ 17.6).
Predictors of MTF
We found that the following factors were predictive of subse-
quent MTF in the univariate Cox regression (Table 5): (1) the
presence of bilateral severe knee contractures [P ¼ .025, hazard
ratio (HR) ¼ 3.93] and (2) diabetes mellitus (P ¼ .019, HR ¼ 3.92).
When spasticity was combined to bilateral severe knee contracture,
the resulting factor (bilateral severe spastic knee contractures)
became the strongest predictor for subsequent MTF (P < .0001,
HR ¼ 14.73). Other factors including age, sex, nutritional status,
cognitive status, mobility, incontinence, enteral feeding, other
coexisting medical diseases, or previous bone fractures did not
predict subsequent MTF.
Multivariate Cox regression analysis revealed 2 independent pre-
dictors of subsequent MTF (Table 6): (1) bilateral severe spastic knee
contractures (P < .0001, HR ¼ 16.50) and (2) diabetes mellitus
(P ¼ .018, HR ¼ 4.03).
Discussion
This study is the ﬁrst long-term cohort study to demonstrate that
severe spastic contractures and diabetes mellitus could independently
predict subsequent MTF. Although many previous studies have
examined the predictors of fall-related bone fractures among nursing
home residents,18e21 MTFs are caused by a different mechanism, and
occur in the subgroup of long-term care residents who are more
dependent and immobile.1,2,7,8 It is considered that in addition to a
dramatic decrease in bone mass and bone quality, torsion torques
during care-related maneuvers may also contribute to the occurrence
of MTF in long-term care residents.2,4Table 6
Multivariate Analysis of Factors Associated With Subsequent MTFs
Factors HR* 95% CIy P Value
Diabetes mellitus 4.03 1.28e12.70 .018
Severe bilateral spastic knee contractures 16.50 4.83e56.42 <.0001
CI, conﬁdence interval.
*HR estimated from Cox proportional hazard regression model.
yCI of the estimated HR.Our study showed that bilateral severe knee contractures inde-
pendently predicted (P ¼ .005, HR ¼ 6.19) subsequent MTF. This may
be explained by the fact that daily care procedures such as positioning,
transferring, turning, grooming, and change of incontinence pads are
more difﬁcult for the very frail and debilitated residents with bilateral
severe knee contractures, which may lead to added torque during
these routine care procedures. This ﬁnding is consistent with a pre-
vious study that found that joint contractures may act like a point of
leverage to exert any external force to the nearby fragile bone and
thereby cause fractures.7 In our study, we propose that for residents
who have bilateral severe knee contractures and concurrent high-
grade spasticity (MAS >3) in the knee ﬂexors, their risk of subse-
quent MTF is 2e3 times higher (P < .0001, HR ¼ 16.5) because of the
highly increased torque generated during care-related maneuvers.
Our study provides a detailed and comprehensive description of
the PROM of all major joints and the associated muscle spasticity
among long-term care residents, and our ﬁndings are consistent
with previous studies that there is a high prevalence of severe
contractures among functionally dependent long-term care
patients.9e11 We note that the prevalence rate of severe contrac-
tures in our study (90.9%) is higher than those found in previous
studies (61.2% in Wagner et al9 and 22% in Dehail et al11). This is
likely a result of the fact that our study included long-term care
residents who were extremely frail and most dependent with over
98% of them being either bed-bound or chair-bound. According to
the deﬁnition of the CSHA Clinical Frailty Score, all residents in this
cohort would have been classiﬁed as stage 7 to 9 (7 ¼ severely frail,
8 ¼ very severely frail, and 9 ¼ terminally ill).22 This might also
partially account for the higher incidence rate of MTFs in our cohort
(1.1 per 100 persons per year) compared with previous studies
(0.4e0.84 per 100 persons per year).1,4,7
We propose that preventing contractures at an earlier stage may
reduce the risk of subsequentMTF because severe spastic contractures
may contribute to subsequent MTF. Long-term care residents are
particularly susceptible to contracture formation because of immo-
bilization, increased muscle tone, and the prolonged adoption of a
ﬁxed abnormal ﬂexion posture attributable to neurologic impairment.
Two randomized controlled studies have shown that chemo-
denervation therapies (intramuscular injection of botulinum toxin A
or chemical neurolysis of motor nerves with phenol) when combining
with passive stretch are safe and effective treatments to decrease limb
spasticity and improve PROM of the affected joints in long term care
residents.23,24 Moreover, in 1 randomized controlled study comparing
botulinum toxin A and placebo (saline) as a supplement to conven-
tional physiotherapy and occupational therapy to treat upper limb
spasticity in 55 debilitated long-term care residents, there were fewer
MTF in the patients receiving botulinum toxin, although this did not
reach statistical signiﬁcance.23 Despite the evidence showing the
potential beneﬁts of these treatments to long-term care residents with
spasticity and contracture problems, many long-term care residents
have only limited access to these treatments. In their survey, Dehail
et al11 found that there was a lack of knowledge of potential therapies
for acquired deforming hypertonia care management in the clinicians
whowere caring for the nursing home residents. Moreover, because of
limited resources, physical therapy services can be lacking in long-
term care units; it may, therefore, be difﬁcult to provide an intensive
stretching program for every resident. We propose 2 possible options
to solve this problem. First, family members or physical therapy as-
sistants can be taught the proper techniques by the physical therapists
to provide simple passive movements to residents if deemed appro-
priate. Second, long-term care services can implement of a restorative
nursing care approach and to educate and train all staff to promote
residents’ functional independence in daily activities might be a useful
way to apply regular stretch as part of residents’ active and daily
routines.9
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contractures, caregivers should be made aware of the higher risks
of MTF in these patients and be educated on the proper handling
techniques to minimize the force and/or torque on long bones
exerted during routine nursing care and rehabilitation therapy,
such as positioning, transferring, and turning.2,8 We agree with
Sherman et al8 that caregivers should be directly observed to
assess whether they are using the least traumatic methods of pa-
tient movement in nursing homes, and we propose that new
techniques of performing daily care procedures to minimize torque
be developed for long-term care residents with bilateral severe
spastic knee contractures who are at higher risk of subsequent
MTF. These techniques include slower and gentler movements
with closer observation of any verbal or nonverbal expression of
pain/discomfort of the resident during daily care procedures and to
stop the procedure or adjust the force before a fracture occurs.2
Moreover, training and education on the proper use of transfer
equipment should be promoted.2
Our study also showed that residents with diabetes mellitus were
at higher risk of developing MTF (P ¼ .018, HR ¼ 4.03) than those
without diabetes mellitus. Though the link between diabetes and fall-
related fractures has been widely recognized,25 the link between
diabetes and MTF is a new ﬁnding that has never been reported
previously. Diabetes can induce diabetic osteodystrophy,25 which may
predispose long-term care residents to increased risk of bone fractures
upon minimal trauma exerted by normal care procedures. Previous
studies have shown that there is greater bone fragility among patients
with diabetes, and which could be a result of increased cortical
porosity,26 accumulation of advanced glycation end products in dia-
betic bone collagen, impaired vascular supply, and neuropathy.25e27
Moreover, some diabetes medications, including insulin, thiazolidi-
nediones, and SGLT1 and SGLT2 inhibitors, may also contribute to
fracture risk by altering bone metabolisms.25,28
Limitations of the Study
First, this was a single-center study. Second, this cohort included
most frail and debilitated long-term care residents in need of intensive
medical and nursing care, and the results may not be generalizable to
all nursing home residents who are more mobile and cognitively
intact. Third, 45% of the residents already had multiple contractures
with limb spasticity in baseline, andmost of them could not cooperate
with the process of measuring PROM and MAS because of severe
cognitive impairment; therefore, the accuracy of these measurements
may be affected. Moreover, PROM of ﬁnger extension and shoulder
and hip abduction were only assessed after 2011. Therefore, we could
not use these data in the Cox regression analysis for subsequent MTF.
It may be possible that severe spastic contractures in these joints may
also be associated with subsequent MTF. Fourth, we did not document
the prevalence of osteoporosis or measure the bone mineral density
(BMD) or blood vitamin D level of the residents in this study. Low BMD
and vitamin D level has been shown to be risk factors for fall-related
fractures.29,30 Nevertheless, since there is a high prevalence of oste-
oporosis among long-term care residents who are immobilized for
years and it is a routine practice to prescribe vitamin D and calcium
supplement to residents in our hospital, measuring BMD or blood
vitamin D level may not provide signiﬁcant additional predictive po-
wer for the occurrence of MTF in this study population.
Conclusions
Severe spasticity and contractures are prevalent among long-term
care residents, and bilateral severe spastic knee contractures and dia-
betesmellitus independentlypredict subsequentMTF.Wepropose that
spasticitymanagement andpreventionof contractures, combinedwitheffective education of caregivers to identify the high-risk residents and
apply proper handling techniques during routine care, may be helpful
in reducing the risk of MTF among long-term care residents. Further
large-scale longitudinal studies are needed to conﬁrm these ﬁndings.Acknowledgments
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